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Top quark - introduction

2 A unique particle +
W v, 0
» The heaviest known elementary particle t ’

» Unique properties from experimental and theoretical side

2 Very short lifetime

» The only quark which does not hadronizes

» Properties studies via its decay products

2 It has a significant impact on cosmological models

(e.g. determinaton of the lifetime of the Universe)

CERN Courier

Division seminar FZU


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.97.056006

Top quark physics at the LHC

9 TWO m ain 1o du Cti on mo d es: Top Quark Production Cross Section Measurements Status: November 2022
p ‘ g ATLAS Preliminary
. . —_ . . . . — - Theory
»  pair production (tt”) - mainly via strong interaction 5 10 Fae [Run12 V5=57813 T LG pp i =5 eV
o Run 2 produced ~200M top pairs in ATLAS+CMS at 13 TeV! S | BW  oae 057
. . ] 102 3 . o~ l LHC pp Vs =7 TeV ) -
» single top - electroweak interactions : - W pasemaot®
I A LHC pp Vs =8 TeV ]
10! k- '.'_I_ A Data 202-203f0! i}
2 Top quarks physics important for many reasons: L] e e
» Precision test of the Standard Model E g.ﬂ- B oo o
> Sensitivity to new physics beyond the Standard Model al i | .I. - __
» PDF fits - especially can contribute to high-x for gluon PDF & -
102k 1
» Parameters of MC generators - T w1 lawlez an | & 1o @] e
tt pairs production single top production
u > > d
W+
b > > t
quark-antiquark annihilation gluon-gluon fusion
T ——— T ———
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lop pair cross section measurements

ATLAS+CMS combination 7/8 TeV Measurements at 5.02 TeV arXiv:2207.01354
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9
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] 9
2 The results are used for an accurate determination of uncertainty on xg(x) by 5% at x=0.1 0.95-
+0.0021 ole +1.8 R
a,S (mZ) — 01 170_0.0()18 mg — 173.4_2.0 GeV 107 1072 107
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https://arxiv.org/abs/2205.13830
https://arxiv.org/abs/2207.01354

Measurements in boosted topology

Single lepton channel

Select | + b-jet +
top-tagged wide jet

Vg

7 X,
\ b \ /
\\\_/)/

Significant reduction of JES uncertainty due to in-situ JES calibration

Aditional jet pT’s are generally not well described by QCD models
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Limits are set on the Wilson coefficients of the dimension-six operators
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All-hadronic channel

b
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ATLAS B Stat. Unc.
Ys=13TeV, 139 fb" © Stat. @ Det. Syst. Unc.

Boosted all-hadronic ti Stat. @ Det. @ Mod. Syst. Unc.
Fiducial parton level " POWHEG+Pythia8

p.'> 500 GeV, p.” > 350 GeV

* Predictions normalized to NNLO+NNLL
(M. Czakon and A. Mitov, Comp. Phys. Com. 185 (2014) 2930)
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Measurements in boosted topology

Single lepton channel | All-hadronic channel

Select | + b-jet +
top-tagged wide jet
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Single top production

Top Quark Production Cross Section Measurements Status: June 2022
a . ATLAS Preliminary - Qo ATLAS+CMS Pre||m|nary t-channel
- Theory B ATLAS PRD90(2014)112006, EPJC77(2017)531, JHEP 04(2017)086
oL } - LHCtopWG
b 1 E O Run 1,2 V; = 5,7,8,13 TeV e o5 Tev : o) n ® (CMS JUHEP12(2012)035, JHEP 06 (2014)090, PLB800 (2019) 135042 _
- = N— PP Vs =5Te ; = ) _
X B oo 07 ; [3) Single top-quark production ¢ LHC comb. uHepos(2019)088
— & ' 2 November 2022 W
102 - l LHC pp V=7 TeV J % » B ATLAS PLB716(2012)142, JHEP 01(2016)064, JHEP 01(2018) 063
= . TS : 1 0 — ® CMS PRL110(2013)022003, PRL 112 (2014)231802, arXiv:2208.00924 —]
’ g B * t-channel j ¢ LHC comb. uHepos(2019)088 _
o LHC pp V5 =8 TeV () B _Li.:_ B s-channel i
" * - Data 202 -20.31b° 2 B ——— B ATLAS PLB756(2016)228, arXiv:2209.08990 m
10 I' —'E‘ 3 — ® CMS JHEP09(2016)027 .
‘I LHC pp V&= 13 TeV ; O | ¢ LHC comb. ueros(2019)088 —
Bl casa2-1:n! £

L - = = NNLO PLB 736(2014)58 7

1 l o 4 i i i tW scale uncertainty
.I, oy o ] B - -
a e— ; - == NLO +NNLL PRD83 (2011)091503,
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: 10

[e10] "1ElS

107!

- NLO NPPS205(2010) 10, CPC191(2015) 74

HR= HF= mtop’
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tW: p: veto for tf removal=60GeV and W= 65 GeV
- scale uncertainty

1072
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L t-chan s-dlﬂiJ ., £+ Jets id. £ —

=

scale @ PDF @ a, uncertainty

: . Vs [TeV]
Single top-quark productions

q q _
\/ ’ Fooa b 0t ch.(13 TeV) = 217.0%58(scale) + 6.2(PDF, as) pb
wr

b /S W
b o b v t 05 ch (13 TeV) = 10.32+9-52 (scale) + 0.27(PDF, as) pb
\_'_l L J L J L
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(~73%) (~24%) (~3%)
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arXiv:2209.08990

Single top s-channel at 13 TeV e 1o 1D

g I g "1 q !
2 Observed at Tevaton combining DO and CDF q
b W
2 s-channel : the most challenging at the LHC "
» not yet observed in pp collisions R Sl SR AN

Distribution of the MEM discriminant in the SR before and after the fit g LT
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e
2 Measured cross-section :
B M ; Source Ao /o %] +
casurements —_
dominated by tt normalisation +24/ — 17 Oobs = 8.2 pb 3.3 6 (3.9 o) observed
Jet energy resolution +18/ — 12 10.40 Sy
. _ expected) significance
modelhng and JES Jet energy scale +18/ — 13 OSM — 10.32 —0.36 pb ( P ) &
Other s-channel modelling sources +18/ —8
e ———— e I — T ————
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https://arxiv.org/abs/2209.08990

tt+X production

Top Quark Production Cross Section Measurements Status: June 2022
o)
¥ - ATLAS Preliminary ] -
- Theory ATLAS+CMS Prelimina =
b 10° Fg. Run 1,2 /s = 5,7,8,13 TeV y E LHCIOpWG ry LH C TOD WG Vs = 13 TeV, June 2022
b LHC s =5 TeV B
. e . : Gy = 0.727 ) colscale) + 0.01(PDF) pb = o, = 0.86"o(scale) + 0.02(PDF) pb = om * % 20 = 0038 osftot.Jpb x 20 2 oy "% 5=0.150.03(tot)pbx 5 op " =0.77+0.14(tot) pb
N 1. Bl 0ata 025710 1 E JHEP 11 (2021) 29 E Eur. Phys. J. C 80 (2020) 428 E JHEP 10 (2018) 158 E Madgraphs + aMC@NLO MadgraphS + aMC@NLO
o ' 1 FxFx@2J+NLOS+NLOZ, :  NLO(QCD+EW)+NNLL : NLOQCD : NLOQCD NLO QCD
LHC pp V=7 TeV
102 3 - = total ~ stat p s
; = -II-'I' Bl Data 45-46M" ; Omeas. * (Stal.) £ {syst.) = . . -1 ) ‘
LHC pp V5 =8 TeV | ttw : Phys. Rev. D 99 (2019) 072009
-.* B Data 202-203m" - 0.87+0.04 “gc2 - ———— CMS, L= 138.0 fb"
10! F 'I’ - o E ' s CMS-PAS-TOP-21-011 *
: LHC pp Vs =13 TeV : ’ . y
- I o ) 0.99:+ 0.05+ 0.08 pb D P —— ATLAS, L, =139 fb"
BBl Data 32-130M0 ! ’ {17 : Eur. Phys. J. C 81 (2021) 737
0.95+ 0.05+ 0.06 pb e CMS, L =77.5 fb"
1 F l e B E - JHEP 03 (2020) 056
; o L— k ’ oy N
: ; tly+tWy dilepton ey 0.040+0.001 322 pbx 20 N JAJEL:;.;&;L ::2 b, Vis 1
i - o0 &l AR
ok ' I. -] | tty dilepton 0.174+ 0.003+ 0.006 pbx 5 - b gfék}'&? fo, Vis 2
' ll tf'y l+jets 0.798+ 0.007 + 0.048 pb _ JCH':S'1 l;:#;);:? ::-l’ Vis 3
! - : 1 1 L l 1 1 1 l 1 1 1 I L 1 L l 1 L 1 l L 1 1 l 1 L 1 l 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4
10-2 - -: thx [pb]
tt t tW t |[ttW ttZ ttH tty |ty tZj 4t
t-chan s-chan fid. £4-jets fid. ¢
_ J
t
9
Q000000
u t

2 High precision inclusive/ differential measurements of tt+y/Z/W

. o e . _ . . /\/\/\/\/\/\/\/\, +
» High purities in lepton-dominated final states . / w

» Most lepton channels covered by ATLAS+CMS in Run 2 - -

tt+W tE+2/y*
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ttZ production

EPCJ 81 (2021) 737

2 Measurement of ttZ in multilepton channels

2 Fitin lepton /

jet / b-jet bins

Channel Hiiz

Trilepton 1.17 £ 0.07 (stat.) ¥0- 1+ (syst.)
Tetralepton 1.21 + 0.15 (stat.) *8 }(1) (syst.)
Combination (3£ +4¢) | 1.19 £0.06 (stat.) +0.10 (syst.)

e

e

Measured cross-section :

= 0.99 = 0.005(star) = 0.08(syst.) pb

t t7
obs

NLO-+NNLL calculation (EPJC 79 (2019) 249):

I% . = 0.861)0(scale) = 0.03(pdf + ag) pb

2 Dominated by PS modeling, backgrounds, b-tagging

=~ 0.06F————m———71—————+—— T T
% ATLAS --¢-- :la(;:.aMc@NLO + Pythiag
g 0.05 Vs=13 TeV, 139 fo~" ~+= MG5aMc@NLO + Herwig7 ]
= . 3| + 4l combination e Sherpa NLO inclusive :
-8 [:d’f _ ~== Sherpa NLO multi-leg _

dd';z [fo-GeV ]

“ATLAS
| V/s=13TeV, 139fb!
L 3| + 4] combination

Ll Ll l Ll L)

L Ll ' Al v Ll A l Al

¢ Data
==+ MG5.aMc@NLO + Pythia8
== MG52aMc@NLO + Herwig?

Sherpa NLO inclusive
=== Sherpa NLO multi-leg

=== NLO + NNLL JHEP 08 (2019) 039

—

P

Differential measurement (parton and particle level)

» Various observables in 3¢ and 4£ channel

2 Compared to multiple simulations and NLO+NNLL
calculation (JHEP 08, 039 (2019))

Theory
Data

> (Similar trends for most simulations and calculations)

1 1
100 200
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Top mass measurement

Classes of top quark mass measurements

“Direct” measurements:

2 reconstruct invariant mass of top
quark decay products

» Can be very precise (~0.3 GeV)

» Depends on the details of the
MC simulation

Division seminar FZU

“Indirect” measurements:

2 Measure observable directly sensitive
to m¢ (e.g. inclusive / differential ott)

2 Compare to theory prediction in well-
defined renormalisation scheme

Integrate out >
Hard Modes

Factorize Jets, Integrate
out energetic collinear =——>
gluons

Evolution and

decay of top ——>/er ) I
close to mass shell

“Third way”:

2 jet mass in boosted top decays can be
calculated using SC-EFT

2 — can provide info on relation
between m: MC and m: (MSR)




Top quark mass measurement

ATLAS+CMS Preliminary Mg, from cross-section measurements
LHCtopWG June 2022
i + tot (stat theo Ref.
total stat e B RS ’
o(tt) inclusive, NNLO+NNLL
. +2.5
Top quark mass from cross sections: where do we stand ALLAS, I8 ToX 1729 26 (1)
CMS, 7+8 TeV 173.8 .13 2]
CMS, 13 TeV —— 169.9 57 (0.1£1.5 1) )
. . . ATLAS, 13 TeV —=e—y 1731 57 4
2 New result from combined ATLAS+CMS inclusive oy at 7+8 TeV LHC comb.. 748 TeV LHGlapwa 173.4 428 -
o(ti+1j) differential, NLO
. . . +23 +1.
2 New measurement from tt+1jet invariant mass from CMS ATLAS, 7 TeV bl R it 6]
CMS, 8 TeV (*) 169.9 37 (1.1 37 <6 7]
. . . , ATLAS, 8 TeV 171.1 4'g (0.4 £0.9 173) 8
2 Results obtained with different methods overall in good agreement CMS., 13 TeV (- 1729 %% o
o(tf) n-differential, NLO
ATLAS, n=1,8 TeV 1732+16(09+08+1.2) [10]
CMS, n=3, 13 TeV i 170.5 + 0.8 (1)
. . . m,., from top quark decay II]EPJC. T4 (2014) 3109 & JHEP:O‘:E;.S.}:N [11) EPJC 80 (2020) 658
2 Top mass is known to high precision (~0.3% / 0.5 GeV) . CMS, 748 TeV comb. [10] o reomue et s [1EIPADES 018 07200
' [€] ERJC B0 (2020) 528 80 CMS-PAS-TOP-21.008 (13] EPJC 79 (2019) 290
ATLAS, 7+8 TeV comb. [11] (5] Xy 2208 13030 [10] BPIC 77 (2017) 804 * pesliminary
llllllllllllllll llllllllllllllllllll

Division seminar FZU

155 160 165 170

175 180 185 190
My, [GeV]




Rare top quark production processes

Run 2 data allow to probe the rarest processes with the lowest cross sections

2 Stringent tests of the Standard Model

2 Tiny anomalies may appear from new physics and can be explored in EFT

FCNC couplings can

. be described by an EFT:
Flavour Changing Neutral Currents (FCNC)

2 FCNC processes are forbidden at tree level and highly

suppressed at higher order in the Standard Model (SM) ~ Anp..  scale of new physics
Ok ...

dimension-6 operator

Many results of searches for FCNC and rare SM processes involving top quarks

2 tqg 2 tqZ 2 it 2  single top s-channel
> tqy > tqH P ty 2  ttW charge asymmetry

Division seminar FZU Top quark physics at ATLAS experiment ~ 14/20




ttW leptonic charge asymetry ATLAS-CONF-2022-062

2  First search for the leptonic charge asymmetry of ttW in ? t
the 31 final state using the full Run2 dataset { J
2 Leptonic Charge Asymmetry: q W t q - t

. N(AL>0)—-N(A, <0)

A, =
& N(AL > 0) + N(AL <0)

Al = |n7] —
, where Ay = |ng| — |m] 2 Observed AL at reconstruction level:

AL (ttW) = — 0.123 £ 0.136(stat.) = 0.051(syst.)

— [ « g r
2 ttW process presents larger A prediction wrt. tt: Expected: AL (ttW)g,, = — 0.084+0:993 (scale) + 0.006 (MC stat.)
» qq dominated initial state 2 Unfolding to particle level:
» ISR W boson polarizes the top pair AL (W)L = — 0.112 £ 0.170 (stat.) = 0.055 (syst.)
2 Lepton-top association is done using a BDT Expected: AL (ttW)5r = — 0.06310007 (scale) £ 0.004 (MC stat.)

2 Analysis is dominated by statistical uncertainties

Division seminar FZU Top quark physics at ATLAS experiment ~ 15/20


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-062/

"~ arXiv:2205.02537
FCNC tqy subririttgd to Phys. Lett. B

2 Target both production and decay of FCNC tyq vertices

N

2 Background estimation

SN S

» e—>Y: estimate a fake factor to correct simulation

» h—vy: transfer factor from control region

u/c

2 Two neural network targeting tuy and tcy signal separately

2 Upper limits of BR

1065IIII|IIII|IIII|IIII|IIIIIIIIIIIIIIlIIIIlIIIIIIIIIE

g - ATLAS ® Data  --tuy LH (10xlimit) 3 ATLAS Simulation
% [ (s5=13TeV, 139" [ Wy+ets [le—y fakes i
g 10°g SR Hzres Orores 4 Ys=13 TeV , , Coefficient limits , BRs [10‘5]
: Post-Fit -tty [ other prompt ¥ i - Effective Coupllng COUPllng
77 Uncertainty ] [ other prompt 7 [l tty Expected  Observed Expected Observed
. h—y fakes [ e—y fakes
[ zy+ets [ Wy ets clor+ 010470020 0,103 | r—>uyLH 0.88%037  0.85
co) Y| 01227003 0123 | r—>uyRH 1207030 122
SR COO* 4 2V 020570037 0227 |t—>cyLH 340713 4.16
CoP +C2 | 0.214*09% 0235 |t > cyRH 370747 446

2 Major systematic: statistical uncertainty
2 Factor of 3.3 — 5.4 improvement wrt ATLAS 13 TeV 81 fb! results

»  More signal region, more optimised analysis and higher luminosity

Data / Bkg.

NN discriminant
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https://link.springer.com/article/10.1007/JHEP11(2021)118

tttt production JHEP 11 (2021) 118

2 Measurements done in the all of the leptonic final states 1 < . A i
¢
H
» SS dilepton and multi-lepton channel (2LSS/ML) -> _ > A <
t
> single-lepton and OS dilepton channel (1L/2LOS) -> this talk 4 i I
‘0000000 < t  S5000000" « t

2 Never observed by ATLAS or CMS yet

£ BRI IR ILAULN B EULL R L UL B R
§ 160; ATLAS ¢ Data -ttt * ]
W 4ol Vs=13TeV, 139 fo! Wttt [ Jti+light ]
- Signal regions [Jtt+>1c [@tt+>1b
1901 1L,>10j,4b [Mnon-tt 77 Uncertainty
- PostFi "+ normalised to tot. bkg. 2 BDT that is used to separate the signal from the background
100~ —
80 : 2 Targeting events with high jet and b-jet multiplicities
° » 4-top final state features 10 (8) jets in 1L (2LOS) and 4 b-jets at truth level
40
o 2 tt+ets background is estimated using corrected MC simulations
yo) 0: =
¥ 150 —4- E
% 1 %‘/7’7‘///7’7‘/’7’7‘///7’7‘///#“-“6%2‘/_#—#///%W_yz_m
S 050 E

-1 08 06 -04-02 0 02 04 06 08 1
BDT Score
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https://link.springer.com/article/10.1140/epjc/s10052-020-08509-3
https://link.springer.com/article/10.1007/JHEP11(2021)118

tttt production

JHEP 11 (2021) 118

_"L) L L
5 10-ATLAS ¢ Data = ATLAS (s =13 TeV, 139 fo
LIJ E E=13Tev, 139fb-1 -Signal(u=1.0) E ||||||||||||||I||||I|||| ||||||||||||||I||||I|_||_|
il — o
41 | —_—
10=e— L] Background 5 stat. Tot. ( Stat., Syst. ) Obs. Sig.
- . 7, Bkg. Unc. .
| _ +1.6 +0.7 +1.5
oL - 1L/2LOS i @y 22 5 (975 540) 190
i _ 108 , 404 407
(L _ 2| SS/3L F o —i 20 56 (04> 04) 430
| +0.8 +0.4 +0.7
] e T T T T [ S T S T SR S S . Combined - &6 —i 2.0 -0.6 ( -04 * -05 ) 4.7 o
g 1-25— ---- signal (u=1.0) + Bkg. | =
— T B Y _ ¥ | =22 Bk — PR S S T U T T T N U T U T T T U I T T T T U A O O A
5 120 79 =22l +Brg 0 1 2 3 4 5 6 7 8 9 10
S 1; v — - 2 _fi — SM
B Best-fit 1 = Gtm/ e
Iogm(S/B)

2 Combined cross section with 2LSS /3L analysis :

24*] fb
»  With an observed (expected) significance of 4.7 (2.6) o

2 Measured cross section for 1L /2LOS : o= 2671 fb

—15
» With an observed (expected) significance of 1.9 (1.0) o

» Uncertainties dominated by 4-top and » To be compared with the 4.3 o observed

significance from 2LSS/3L analysis

tt+HF modelling uncertainties
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Summary

The ATLAS experiment has an extensive program of top-quark measurements
All measurements consistent with the Standard Model predictions

Large potential to improve the MC configurations for the future

Y V V Vv

LHC Run 3 will bring new top quark physics results

Run: 428580
Event: 612079972
2022-07-18
05:46:19 CEST







Wt Channel Eur. Phys. J. C 81(2021) 720

2 Strategy: S R B M == I N M A ATLAS Simulation’
2 ° V/5=8TeV.
°© T ]

» Signal region: 3j1b. Jets with pT > 30 GeV. z 7| B
re) 5 - I ' !
. . c 6| .
» Aneural network is trained to separate between tW R " men
and 11. 5-! ..........
4|
» A 2-dimensional discriminant is constructed with the | Ee=m
° 3 :
neural network output in 65 GeV <m WH < 92.5 GeV
2| W g
and with the remaining m(WH) variable. -
di BB =
» The cross section is extracted from a binned profile = T T~ e T
. . . . . . Wh) [G
maximumlikelihood fit to the 2-dimensional ) [GeV]
discriminant. £ CATLAS " postit, 3j1b
Source Uncertainty [%] %20000 - V5=8TeV, 20.2fb™" + ItDI;ta  Wijets HF
. _ - = o Wajets LF
_ . ) - y
2 Measured cross-section : Jet energy scale g15000 Eventsxa W i Other
b-lagging . 10000 |
Jet energy resolution .
Oobs. = 2017 pb 5000
1t radiation
— W radiation 5 .0
) =224+ 1.5 pb P ra 8 1.1
Pr ed. p tW—tt interference Ly
e ——— —— § 0.9

4.5 6 (3.9 o) observed (expected) significance

Discriminant
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https://link.springer.com/article/10.1140/epjc/s10052-021-09371-7

FCNC tqg Eur. Phys. J. C 82 (2022) 334

2 Probes single top quark production via FCNC u(c) (T

2 Reconstruct top in t — e/ u vb final states, where t — tvb may also contribute

» =1 lepton, =1 b-jet, Ermiss > 30 GeV, m1(W) > 50 GeV Ve(Vy)

» Nr. of b-jet to define validation region, in signal region =1 b-jet

8 b
x10°
0 :""I'"'I'"'I'"'I""I'"'I""I""I""I"":
e | ATLAS +-Data _
s 40 5-13Tev,139'  Me-tfene 1 2 The analysis targets separate contributions from cgt and ugt
o - SR B tq, :
@ 120~ Post-Fit =tgt\2’,t5fb ~ » Two Neural Network were used to construct two discriminants D1 (cgt), D> (ugt)
- Wijets ]
100 — []Z+jets, VV —
§ I Multijet - . .
N inosiny 2 Upper limits on the production:
60 - ]
- o(ugt) X B(t > Wb)xB(W —->£fv) < 3.0pb 2.4 pb exp.
® _ o(cgt) X B(t > Wb)xB(W —fv) < 4.7pb 2.5 pb exp.
: - B(W — €v) = 0.325
51_012 2 Leading systematics: ugt: related to W+jets process
s ,
8 0.985 cgt: modelling of the parton shower
0970701 02 03 04 05 06 07 08 09 1
D1
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https://link.springer.com/article/10.1140/epjc/s10052-022-10182-7

FCNC J[qZ ATLAS-CONF-2021-049

2 Target both production and decay of FCNC tqZ vertices:

ulc YA g

» Z— ll, semi-leptonic top decay = tri- leptons /
urlc

2 Analysis regions

» Orthogonality cut applied on reconstructed top mass

& Production mode Decay mode

> =2 jets, 1 b-jet (SR1) targeting decay mode or =1 jet, 1 b-jet (SR2) targeting prouucuoi moue ulc
» Gradient BDT was used to better separate signal from backgrounds
© e S 220F 211 pc Prafiiory aman = .
§ 10l ?—Tf AS Preiiminary e Data 1 3 200;_ ASTi-A:gT:\rfllgg?g ; t?;fthZ —_ _ Observable Vertex = Coupling Observed Expected
@ [ (s=13TeV, 139 fb" WHZ+tWZ | VViLF S - SR2 T - SR1+CRs 11N 1
2 ool SF1 swer mz 4 8 el 2 : 2 Upper limits on
= L D.>-06 B Fake lep. W Other bkg. - = D,>-0.7 or D, >-0.4 [lFake lep. [ Other bkg. . _5 +3.6
C Post-Fit ~ Bkg unc.ertainty C 160 Post-Fit 7 Bkg. uncertainty - B(t — Zq) [10 5] tZu LH 9.7 8.6:%,2
1001~ _ nzxso - - --- FONC (U)tZ x 50 E B(t — Zq) [10” tZ RH 9.5 8.2"> : :
Pl e Y St | Bozu t branching ratios were
80 - 1206~ E SR2+CRs
Ry 1 o 86— 2 107]  1za T 78 6177 improved with respect
: 80F B(t — Zq) [107] tZu RH 9.0 6.6' 74 h , 1
40 - 60 SRerCRS 0 the previous results
= 40
— -5 +2.1 -
2° - S & omo @ i byfactor2:s
) i S B B s S .0 q) [10] 1Lu - 14
g 109 E B(t — Zq) [107°] tZc LH 13 1143
s j | /} )/ | s ¢ éy i 5 B(t — Zq) [107°] tZc RH 12 1013
g 1%////////7%//{//%%///%@% g 1%//4%/%//;%//(%%/%%/%
- 0.75;—+ 4 2 orsf =
0.5 W R X B N e 15 B s W B s WS - B 05: ....................................... . . . . . .
08 0402002 0405 0% 5 -1 08-06-04-02 0 02 04 06 08 1 2 Dominant systematic: statistical uncertainty
1 D,
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-049/

B arxiv:2208.11415
FCNC H — T T submitted to JHEP

2 Explored both production and decay of FCNC tqH vertices

» Top quark: leptonic or hadronic decay

» H — TT: Thad Thad OF Tiep Thad (depending on t-lepton decay )

[ B = R I I B L UL I I R [ B = R R R B L UL I IR R
8 ey e H : S e e E :
L : S= ev, Fake Other MC : L : S= ev, Fake Other MC :
FCNC tuH H—rt*t . , . FCNC tcH H—t*1" . , ,
1 03 - thh-,dTh - Tt % Uncertainty — 1 03 = thh g Tt % Uncertainty -
- m— tUH(0.1%)x2 ] - m— tCH(0.1%)x2 -
E POSt-Fit ug—tH(0.1%)x2 E E POSt-Fit cg—tH(0.1%)x2 E A 1 ° °
T WbHU(0.1%)x2 ] e {F_5WHC(0.1%)x2 ] ? na YSIS reglons
102 — 102 — . . . . .
******************* - - » Employ seven signal regions in a combination
1 B ] of top and di-tau decay, and additional jets
10 10 — . . .
] » BDT is trained in each of the SR to separate
————— signal from SM background
1 1
e E e 2 Background estimation
D 10k |- D 1.2
S & Y . .
% . % // %; % 1 » Fake T: estimate a transfer factor in CR
I 0.8;— éj A 0.8 _
06F 06F ] »  Others: Monte-Carlo simulation
-1 -08 06 04 -02 O 02 04 06 0.8 1 -1 -08 06 04 -02 O 02 04 06 0.8 1
BDT Discriminant BDT Discriminant
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https://arxiv.org/abs/2208.11415

FCNC H —> T + T - ATLAS-CONF-2022-014

Bt — cH) <9.9x 107 (S.Of%:ﬁ x 10™%), assuming &(t — uH) = 0

2 Upper limits of BR:

Bt — uH) < 7.2x 1074 (3.63:(7) x 10™%), assuming #(t — cH) =0

2 Limits translate to tqH Wilson coefficients: ~ Ceg¢ < 1.38(0.97) and Cyue < 1.18(0.83)

x10™°
f1'2 g 2F
S ~ ATLAS Preliminary .. Expected limit @) ; 8:— ATLAS Preliminary ... Expected limit
2 2D contours: 1 - Vs=18TeV. 139" — observed iimi L of E=13TeV, 189107 — opserveatim
S s===:1 Expected limit + 1o 1 45_ s====: Expected limit * 1o
0-8__ ------ Expected limit + 2¢ B e Expected limit + 2¢
i 95% CL limits 1 '2? 95% CL limits
0.6 1 A=1TeV
0.8
0.4 0.6F
0.2 0.4F
0.2F
0||| 11 ] | ||||X10_3 0:|||||||||||||||| [T | R B
0 0.2 0.4 0.6 0.8 1 1.2 0 02 04 06 0.8 1 1.2 14 1.6 C1.8
AB(t - cH) co

2 Major systematic: statistical uncertainty

2 Aslight excess of data is observed above background with a significance of 2.3 ¢

2 A factor of 5 improvement wrt ATLAS 13 TeV 36 fb! results
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-014

SM tqy ATLAS-CONF-2022-013

2 First observation of t-channel single top quark production in association with a photon

e, [t

» tqy (prod) with observed (expected) significance: 9.1 (6.7) o
2 Sensitive to EW couplings of the top quark (esp. top-y vertex)

g Ve, Vy

m 2400:I_I 11 | L | [ | I | I | L | L | [ | ||||||| J: b
o poqol. ATLAS Preliminary ¢ Data Mgy E
L 005 Vs=13TeV, 139 fb” t(—lvby)q [ tty ] .

2000:— > 1fj SR Wy +jets BZy +jets E |

1800 Post-Fit We—y  [Otherprompt y 3 Cross section measurement

1600: [Jh—>vy Fake leptons

: 77 Uncertainty - » Partonlevel: oy, x B(t —1vb) =580 + 19 (stat.) + 63 (syst.) fb

1200 = 2 Particle level: 0y, x B(t =1vb)+0x-npy) =287 £ 8 (stat.) £ 31 (syst.) fb

1000 —

800 -

600
400
200

Z

ATLAS measurements consistently higher than the prediction by ~ 40%

\ 4

Major systematic uncertainties come from

§ 1.05F . - » background modelling: tty ~ 6%; tt ~ 3%
N e
g0 P E » MC statistics: tqy ~ 3%; all other processes ~ 3%
> 0.1 02 03 04 05 06 07 08 09 1
NN,
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Top mass measurement

Semi-leptonic decay of B-hadron

L]

BR=20% for B—...—u+X

Uncertainty on gluon emission in t—=Wb

2 impacts PS modelling of gluons from
b—gb

2 changes energy distribution within jet

2 changes jet pT due to out-ofcone radiation
— impacts jet- based measurement

Division seminar FZU

Top mass using soft muon tag
Invariant mass mlu sensitive to mt
reduced sensitivity to JES

sensitive to fragmentation modelling

>
814000 — ATLAS

£12000[ OS selection
L% | Post-Fit

2 Final result from ML

profiled fit on m{pu
recoilToColoured & consistent at 20 level o
Pythia option with previous

results

o
=
%
s|-
r
Data/ Pred
o
©
(&)

Jlllllllllll'lllllllllllllllllll

g - {s=13TeV, 36.1 b [CJtE (smT from bic) -

¢ Data

Bt (smT from W) —
[tt (smT fake) i
B Single top _
[[1Other backgrounds -
77 Uncertainty

20 30

40 50 60 70 80

2 w m, = 174.41 +0.39 (stat.)--0.6_6 (syst.) -

-(0.25 (recoil) GeV




Top mass measurement

ATLAS+CMS Preliminary Myp SUMMAary, Vs=7-13 TeV June 2022
LHClopWG
------- World comb. (Mar 2014) [2] ————
T stat total stat
total uncertainty m,,, * total (stat + syst) Vs Ref.
LHC comb. (Sep 2013) LHCtopwa 173.29 + 0.95 (0.35 + 0.88) 7 TeV [1]
World comb. (Mar 2014) 173.34 + 0.76 (0.36 + 0.67) 1.96-7 TeV [2]
ATLAS, |+jets 172.33 + 1.27 (0.75 + 1.02) 7 TeV [3]
ATLAS, dilepton 173.79 + 1.41 (0.54 + 1.30) 7 TeV [3]
ATLAS, all jets o 1751+ 1.8 (1.4+1.2) 7 TeV [4]
ATLAS, single top 172.2+2.1 (0.7 £ 2.0) 8 TeV [5]
ATLAS, dilepton 172.99 + 0.85 (0.41+ 0.74) 8 TeV [6]
ATLAS, all jets 173.72 + 1.15(0.55 + 1.01) 8 TeV [7]
ATLAS, I+jets 172.08 + 0.91 (0.39 £ 0.82) 8 TeV [8]
ATLAS comb. (Oct 2018) 172.69 +0.48 (0.25 + 0.41) 7+8 TeV [8]
ATLAS, leptonic invariant mass (*) 174.48 £ 0.78 (0.40 + 0.67) 13 TeV [9]
CMS, |+jets 173.49 + 1.06 (0.43 + 0.97) 7 TeV [10]
CMS, dilepton 172.50 + 1.52 (0.43 + 1.46) 7 TeV [11]
CMS, all jets 173.49 + 1.41 (0.69 + 1.23) 7 TeV [12]
CMS, I+jets HeH 172.35 + 0.51 (0.16 + 0.48) 8 TeV [13]
CMS, dilepton 172.82 +1.23 (0.19 + 1.22) 8 TeV [13]
CMS, all jets 172.32 + 0.64 (0.25 + 0.59) 8 TeV [13]
CMS, single top 172.95 + 1.22 (0.77 + 0.95) 8 TeV [14]
CMS comb. (Sep 2015) 172.44 +0.48 (0.13 £ 0.47) 7+8 TeV [13]
CMS, I+jets e 172.25 + 0.63 (0.08 + 0.62) 13 TeV [15]
CMS, dilepton 172.33 £0.70 (0.14 + 0.69) 13 TeV [16]
CMS, all jets 172.34 + 0.73 (0.20 + 0.70) 13 TeV [17]
CMS, single top et 172.13 £ 0.77 (0.32 £ 0.70) 13 TeV [18]
CMS, I+jets (*) e 171.77 £ 0.38 13 TeV [19]
CMS, boosted (*) 172.76 + 0.81 (0.22 + 0.78) 13 TeV [20]
[1] ATLAS-CONF-2013-102 [8] EPJC 79 (2019) 290 [15] EPJC 78 (2018) 891
[2] arXiv:1403.4427 [9] ATLAS-CONF-2019-046 [16] EPJC 79 (2019) 368
* . . [3] EPJC 75 (2015) 330 [10] JHEP 12 (2012) 105 [17] EPJC 79 (2019) 313
Prellmlnary [4] EPJC 75 (2015) 158 [11] EPJC 72 (2012) 2202 (18] arXiv:2108.10407
[5] ATLAS-CONF-2014-055 [12] EPJC 74 (2014) 2758 [19] CMS-PAS-TOP-20-008
[6] PLB 761 (2016) 350 [13] PRD 93 (2016) 072004 [20] CMS-PAS-TOP-21-012
[7] JHEP 09 (2017) 118 [14] EPJC 77 (2017) 354
| | [ 1 1 | 1 | L1 1 | [ 1 1 | L1 1

| | | | |
165 170 175 180 185
rntOp [GeV]

ATL-PHYS-PUB-2022-032
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Branching ratios of top FCNC decays

Process SM 2HDM(FV) 2HDM(FC) MSSM  RPV RS
t—Zu T7x10717 - = <10-7 <106 _
t—Zc 1x10~1 <107 <1071 <1007 <107% <10°°
t—gu 4x1071 = - <1077 <10 -
t—gc 5x10712 <104 <1078 <1077 <107% <1071
t—yu 4x 10716 - - <107% <107 —
t—yc 5x1071 <1077 <1077 <107% <1072 <107°
t—hu 2x10717  6x107° = <107° <107° -
t—hec 3x1071% 2x1073 < 107° <10~® <1079 <10
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FCNC tqg - selection requirements

Observable Common requirements
nTight(e ) + NMedium (1) =1
NLoose (€) +.nLoose(/~‘) =1
ET™® > 30GeV
mt (W) > 50 GeV
n(Jj) > 1
n—|Ad(j1,€
pr (€) > 50 GeV - (1 2P )')
Analysis regions
SR W+jets VR tt VR tqg VR
n(ln(j)| < 2.5) =1 =1 =2 =1
n(b) =1 =1 =2 =1
€pb 30%  60% (veto 30%)  30% 30%
n(ln(j)| > 2.5) >0 > () > 0 =1
D12 = 0.3 < Djp) <0.6 — 0.2 < Dip) <04
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FCNC tgg - posttit discriminants

3
wn —]]lll]lll]]llll]lll]]ll]]lll]l'll]lll]]lll]]ll]]'_ )._<I1IQI rrrryrrrryrrrrirrrry rrriryrrTd rrTrry rrrryrrris 45000 | L | 1T T 1T 1T 1T 171 1T 1717 W :lllllIIIIIIIIIIIII'IIIIIIIIIIIIII'IIII'IIIIIIIII':
860000 — 0 IRERRE RRERNRRRRS AN REREN RRRRY 0 . l l I I l ] $90000 - =
SO0 arLas . +-Data 12 [ ATLAS + Data - S [ ATLAS - Data - STE ‘:_TL’:;"' oV, 1301 + Data o -
g [ 's=13TeV, 1391 Wug »>tFCNC 4 3 1401 {5=13TeV, 139fb By —tFCNC 540000 {5 = 13 Tev, 139 fb - Bcg—tFCNC 200000 =13 TeV: Mug - tFCNC 3
250000 [~ SR minus Wt 4 § [ sR Mt - 5 F SR Mo : g f SRpls Baig _ -
- [ Post-Fit Ml 1, tW,tb,tb 1 @ 120[ Post-Fit I t6.tW,tb,Tb — 35000 = post.Fit Il t5.tW,tb Tb E 70000 - POSLFH MW, thh =
- I W-+ets . i I W+iets - - [ W+iets . - [ W+iets .
40000 [— []Z+jets, VV ] 100 - [ Z+jets, WV N 30000 = [ Z+jets, WV E 60000 []Z+jets, VV =
B I Multjet - 5 B Multijet . 25000 - B Multijet E 3 B Multjet E
30000 777 Uncertainty ] 80 72 Uncertainty _ = 72 Uncertainty = 50000 ¢ 777 Uncertainty ]
] - 20000 = 40000 [ E
- 60 o . - .
20000 - - 15000 = 30000 [~ —
- 0 - 10000 = 20000 =
10000 — i . .
E 20 ] 5000 — 10000 E
' 0 0 = 0 . 0 -
© : - - ©

T 1.025 8 1.015 , 810155 , = & 1:025 N
= 1E 7 / W > G s = < : -4 ’ o Y 4 é o A 7 GAIIN ///////// % ~ 1 s ¢ 4///:
P 2 / o 1—o—4 : W 5 i & 4 B 50 45 o 1_ : Y N /: % /3

&§ 0975 T 0.985 : T0.985F & &§ 0975

. Attt ettt e e e e e PP PP PRSP B EPEPEPE RPN RSP PP PP P :11111: 0.9511.11.lll

%% 01702 03 04 05 06 07 08 09 1 0970701 02 03 04 05 06 07 08 09 1 097 075 08 08 09 095 1 ¢ 01 02 03 04 05 06 07 08 09 1
D, D D D,

-

1
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FCNC tqy - Wilson coeficient and BR limits

* * ATLAS Preliminary ====== Expected * 1o ATLAS Preliminary ====== Expected * 1o
Clw +Cla | Vs=13 TeV, 139 fp! +===- Expected + 26 t—uy LH Vs=13 TeV, 139 fo! === Expected * 26
— Observed B — Observed
|CS</:/) + Cﬁ?' I t—uy RH I
|c® ., 2| t—scy LH
|CS§) + Cfi:)l . t—cy RH
ol T B R B L N B %4 0B
0.1 0.2 0.3 0.4 0.5 0 . . 0.06  0.08 0.1
Wilson coefficient 95% CL limits BR 95% CL limits
, , Coeflicient limits , BRs [10"5]
Effective coupling Coupling
Expected  Observed Expected Observed
(13)= (13)= +0.020 +0.37
Cog” + Gy 0104555 0103 |~ uyLH 088%35 083
+0.023 +0.50
CL(% " C”(‘z'%) 0.1221093 0123 |t —>uyRH 120%9% 122
* * +0.037 +1.35
Coy” + ) 0.205%0:037 0227 |r—cyLH 3407135 416
+0.039 +1.47
CBY 4BV 02147099 0235 |- cyRH 370147 446
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FCNC tgZ - detailed results ATLAS-CONF-2021-049

Observable Vertex  Coupling Observed Expected
SR1+CRs LH: left hand
B(t — Zgq) [10™] tZu LH 9.7 8.6755 RH:  right hand
B(t — Zq) [107] tZu RH 9.5 8.253
SR2+CRs
-5 :
Bt — Zq) [10 7] tZu LH 7.8 6.1, Higher sensitivity from SR2
B(t — Zq) [107°] tZu RH 9.0 6.6°%3
SRs+CRs
B(t — Zq) [107 tZu LH 6.2 4.9%%)
Bt — Zg) [107> tZu RH 6.6 5177, 2 Upper limits on branching ratios, were improved with respect to
B(t — Zq) [10™ tZc LH 13 1143 -
B ZZ) 105 o o - 10i?‘ the previous results N
» by factors of 5 (3): LH expected BR limits for t — Zu (t — Zc)
CO” and [C| 1Zu LH 0.15  0.13100
c;31)| c(3{§ t7u RH 0.16 0.1470:%3 » by factors of 3 (2): LH observed BR limits for t — Zu (t — Zc)
C 23)* B tZe LH 022  0.2010% | | | |
C’(gz)l C(3’§ 7. RH 0.1 0.19*004 » Inclusion of prod. mode, MVA technique, and higher lumi.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-049/

FCNC tgZ - predicted and observed yields in SR

SR1 SR2

(D; > —0.6) (D3 > —0.7 or D5 > —0.4)
ttZ + tWZ 137 + 12 36 +6
VV + LF 18+ 7 24 + 8
VV + HF 114 + 19 162 £+ 26
t/ 46 + 7 108 + 18
tt + tW fakes 14 4+ 4 27 + 8
Other fakes 7T+8 H+6
ttW 4.2+ 2.1 3.1 +1.6
ttH 4.8 +0.7 0.8 +0.17
Other bkg. 2.0x£1.0 2.012.9
FCNC (u)tZ 09+1.7 4+ 8
FCNC t?(uZ) >+ 9 0.8+1.5
Total background 348 £ 15 369 £ 21
Data 345 380
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FCNC tgZ - posttit discriminants
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FCNC H — 1+ t- : overview of regions

Regions b-jet | light flavour jets | lepton | hadronic taus charge
t¢ Thad Thad 1 >0 1 2 ThadThad OD
toThad-1] 1 1 1 1 Lo Thag OO
thhad-Qj 1 2 1 1 tﬁThad SS
SR th Tiep Thad=2) 1 2 1 1 Tlep Thad OD
tthepThad'3j 1 > 35 1 1 Tlep Thad 05
th Thad Thad=2) 1 2 0 2 Thad Thad OO
thThad Thad =) 1 >3 0 2 Thad Thad OO
VR tﬁThadThad'SS 1 > 0 1 2 Thad Thad SO
tgtglb?'had 1 Z 0 2 1 tgtg OS
tot 20T, 4 2 >0 2 1 tit, OS
CRtt tetthThad-QjSS 2 2 1 1 tEThad SS
Loty 20m,4-2]OS 2 2 1 1 toThag OS
tgtthThad-iSjSS 2 Z 3 1 1 tEThad SS
Lot 207,4-3]OS 2 >3 1 1 toThag OS
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FCNC H — Tt + t- : absolute uncertainties

. AB [107°]
Source of uncertainty bt s o]
Lepton ID 0.6 1.0
s 0.7 0.8
Fake lepton modeling 0.9 1.1
JES and JER 2.4 3.2
Flavour tagging 2.7 3.7
tt modeling 2.9 4.3
Other MC modeling 2.1 2.9
Fake 7 modeling 3.2 4.6
Signal modeling including Br(H — 77) 5.3 7.0
7 1D 3.3 4.4
Luminosity and Pileup 0.9 1.3
MC statistics 5.1 7.0
Total systematic uncertainty 11.2 15.5
Data statistical uncertainty 14.1 19.6
Total uncertainties 18 25
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FCNC H — t + t- : tuH - BDT output distributions
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FCNC H — t + t- : tcH - BDT output distributions
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